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5-~~ethylam~~oo!nekhyl-2-k~d~ridine mnmss2U is a 
minor constituent of Esc?michica coli PRNA~“M [ 1,2] 
and PWNA~l” [3]. Tl lis nucleoside is located in the 
first position of khe ankicodon and recognizes A 
preferentially PO 6 in the khird letter of the codon 
sequence [h ,4]. According to the xvobble theory, U in 
the first posikion of the anticodon can form a base- 
pair wikh either A or G in khe codon. Thus it is sup- 
posed thak the bulkjr sulfur atom instead of oxygen 
at position 2 of unidine makes base-pairing with G 
difficult. Therefore, it is interesting to compare the 
molecular structure of nmm5s2U with those of other 
uridine derivatives. This communicakion describes 
analysis of the crystal skruckure of a derivative of 
mnm5s2U, 5-n~ethylaminometilyl-2-thiouridin ace- 
tonide hydrochloride. The crystal structure of free 
mnm5s2U was reported [5]. There were significant 
differences between their results and ours. Differences 
in bond lengths and angles of uracil base seem to be 
due to-differences in the state of protonation at the 
N(3) atom. 
2 _ Materials and methods 
The preparation of mnm5s2U used in this study 
was synthesized as in [6]. The acetonide was prepared 
by the reaction ofmnm5s2U with acekone-dimekhoxy- 
propane--HCl mixture- The hydrochloride ofmnm%*KJ 
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acekonide thus obtained was purified by recryskaliliza- 
tion twice from waker, and finally the crystals were 
grown by slow evaporation of the aqueous solukion at 
roonn temperature. Single cryskds appeared in -10 
days. Data oli the crystals are given in table 1. 
The cryskal structure was deduced by the Patterson 
method. The pack& of molecules and khe probable 
hydrogen bonding are shown in fig.1. An intermolec- 
ular hydrogen bond N(3)-H...O(5’) is observed. The 
sidechain amino group has a great tendency to form 
a hydrogen bond with electronegative groups. In the 
present structure, the amino group is hydrogen 
bonded to the 2 chloride anions with IV--H.._CI 
distances of3.062 and 3.081 Bi as shown in fig-l. lk 
does nok form khe hydrogen bonded 8-membered ring 
Tat;Je 1 
Data on crystaIs of 5-nlekhyiaminomethyl-2-thiouridine 
acetonide hydrochloride 
Formula C.,,W,,N,O,S-HCI 
Mol. wt 379-7 
System Orthorhorr.!;ic 
a 9.690 46) 
Ii 35.437 (20) 
c 5.172 (3) 
Space group P&2,2, 
z 4 
Ekq*ierfAvov-t?v-HoHand Biomedical I%ess 
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Fig.1. Projection of the crystal structure along the c asis. Hydrogen bonds are shown by dotted J&W and short intermolecular 
interatomic distances are shown by broken lines. Symmetry operations are: (i)x,y, z; (ii) -l/2 +x, 3/2 -y, 1 ~z; (iii) -1 +x, 
y, I; (iv) -l/2 +x, 3/2 - y, --z; (v)x,y, -1 + z. 
system invo&g O(4) and-a water molecule observed 
in the ,crystaI of the free nucleoside [.5]. 
The plane sf the pyrimidine ring and the plane 
which includes C(!+X(7)--N(8)--C(9) are vertical to 
each other_ II&e glycosidic torsion is typically anti; 
x = 4$S”. The conformation about the C(4’)-C(5’) 
bond is gauc.Jze--$auclie; $01 ‘-05’ = -72.650,, 
&3’-05 = 45.91’_ The sugar ring has a @(2’)endo 
conformation: To = -39.&I’, 71 = 3&.13O, 
r2 = -23.00”, 73 = 0.62”, 74 = 23.91”. Ht is possible 
that on acetonide formation the conformation of the 
sugar ring changes from the C[3’)-endo [5] to C(2’)- 
endo form. 
The bond lengths and bond angles are listed in 
tables 2 and 3, respectively. Wle structures of various 
uridine derivatives have already been dezermined by 
X-ray ana!yses, and the bond lengths and a&es of 
these derivatives are also listed In tables 2,3 for 
comparison [5,7-IO]. As seen in these tables, the 
differences in the bond lengths and angles of the base 
from those observed in free mnniSs2U [S] are quite 
signi?kant. The shortening of the c(4)-O(4) and 
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Table 2 
‘Comparison of the bond lengths @)-in bases 
Bond distamxs (A) mnni%.*U mnm5sZU mcm5s2U SW mw Br w 
acetonide, HCl free 
N(l)-C(2) 
u2w(31 
N(3)-C(4) 
N(l)-C(6) 
C(4I-C(5) 
WbW) 
C(2)-Xb(2) 
C(4)-O(4) 
N(l)-C(1’) 
C(5&C(7) 
C(7)-N(8) 
N(8)-C(9) 
Reference 
1.396(1 lp I.42 1.37 B.368 1.377 1.40 
1.380(12) B.30 I.31 IL -360 9.376 1.33 
l-%02(1 3) 1.37 1.47 1.388 1.384 1.39 
1_385(P2) 1.35 1-40 l-381 1.361 1.35 
1.5OS(l3) l-47 1.39 1.435 l-437 1 A3 
1.348(12) I.33 1.39 P -337 l-3%5 I.36 
1.652(10) 1.72 1.74 1 xi77 1.196 1.23 
l.lES(13) 1.27 1.18 3 -228 1.223 1.23 
1.475(113 1 A5 1.50 1 so0 1.481 
1.484(13) 
1.49 i 
1.473(11) 
l.S03(P3) 
i-cl 171 ia I97 [IO] i 
i- 
a Estimated SD 
bX=SorO 
i 
ah reflected in the widening of the C(4&.-hT[3)-_g=(2) 
angle by --6”_ The greater bond angles (120”---126”) 
subtended at the termin& of the presumed double 
bonds, CL-c(4)-N(3), O-43(4)-6=(5), S-C(2)-i%(l), 
S--c(2)-N(3), C(6)--C(S)-C(4), C(6)-C(5)--9={7) 
and C(5)X(Q-N(1) may also reflect the contribu- 
tion of the di-keto form to the present structure. 
C(2)-S bonds by O,PO and 0.07 A, respectively, and 
PIE len@xking of the C(2)-N(3) bond by 0.08 a 
and of many other bonds by -CL03 A., as compared 
with tbose in free mnm5s2U, reflect the greater contri- 
bu%ions of %he di-ketL> form It0 %he preserl% struciure. 
This_may be the consequence of pratonation of the 
$J(3) atom of mnnA?-U in the hydrochloride, which is 
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Table 3 
Comparkion of the bond angles e) 
Bend an&x (“) 
C(6)-N(l)-C(1’) 
C(2)-K(l.)--C(l’) 
C(2)-N(l!)-C(6) 
N(l)-C(2)-N(3) 
N(l)-C(2)-%(2) 
N(3)-C(2)-X(2) 
C(4)-N(3)-C(2) 
C(S)-C(4)-N(3) 
C(5)--CW-O(4) 
N(3)-C(4)-Q(4) 
C(6)-C(5)--C(4) 
C(S)-C(6)-N(1) 
C(6)-C(5)-C(7) 
C(4)-C(5)-C(7) 
Nw-C(7)-C(5p 
C(9)-N(8)-C(7) 
Reference 
mnmss2U mnmss%J mcm%W SW m5U WU 
acetonide, HCI free 
1:8.0(7) 122.4 11s 121.3 B2B.5 120.0 
11?.8(?) 120.1 1M 1117.8 116.8 117.5 
122.2(7) 117.4 118 120.8 121.6 122.0 
113.8(8) 120.3 I.21 116.0 114-l 114.0 
12%.2(T) 117.2 120 123.4 123.0 123.8 
I x2.0(7) 122.4 i19 120.7 P22.9 121.7 
130.1(S) 123.8 128 126.6 127.2 127.8 
111.1(8) 115.9 107 114.4 P15.4 312.8 
II 26.4(Q) 122.6 135 126.4 125.4 125.8 
122.5(9) 1213 118 119.2 119.2 12i.4 
120.148) 118.3 129 119.5 117.6 121.4 
122.6(8) 123.8 118 P22.6 124.2 12P.J 
1231.7(8) 
118_1(8) 
P 14.2(8) 
112.6(7) 
(51 I71 PI i91 ilO 
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In crystals of free mnm5szlLJ, proton&ion of the 
basic secondary amino group causes deprotonation 
of N(3) [S], while in the hydrochloride protons are 
fully supplied by hydrochloride and the nucleoside 
adopts the protc,nated form. All the uridine derivatives 
given in tables 2,3 with no such extra basic groups in 
the crjrstal, are proton&ted at the N(3) atom. This is 
similar to the case in tRNA molecdes. 
Comparison of the bond lengzhs with those of 
other uridine derivatives listed in table 2 indicates the 
elongation of the C(4)--C(5) bond caa be attributed 
not to S(2) substitution but to methylaminomethyl 
substitution at position 5, because the bond length in 
s2U is similar to those of other uridine derivatives and 
the length in free mnm%*U is significantly more than 
in these deilvatives, though it is still shorter than in 
the present structure_ Furthermore, in mcm%*U, the 
43(4)-C(5) bond is shorter than irk other uridine 
derivatives. 
Marked differences were alsa observed between 
the iengths of C(2)-N(3), N(3)-C(4) and C(2)-S(2) 
bonds in mnm5szU (acetonidq MCl) and mcmss2U, 
althougb both compounds are S-substituted 2-thio- 
uridine derivatives_ In particular, the longer C(2)-N(3) 
Sand and shorter C(Z)-S(2) bond in mnm5s2U (ace- 
tonide, WCI) than in mcm’s*U suggest that the contri- 
bution of the di-keto form is greater in mnm5s% than 
in mcm%*U. In this connection it should be mentioned 
that mcm5s2U and mnm”s*U have slightly different 
codingproperties;i.e., mcm5s2U specifically recognizes 
-A but not G [Lkj* while mnm5s2U recognizes G slightiy 
as well as A [I]. It is tempting to speculate that this 
characteristic of mnm%*U is due to the strong,er 
hydrogen bonding capacity of the pyrimidine base 
effected by the methylaminomethyl side chain. The 
C(Z)--S(2) distance in mnm5s2U, acetonide, HC‘I 
(1.652 A) is similar to that in s*U (1.677 a) 181, 
whereas in mcm%TJ it is significantly longer (1.74 A). 
On the other hand, the C(2)-O(2) distances oE other 
typical uridine derivatives are -1.2 A [9,IO]. These 
results may account for the preferential recognit?cn 
of A by mnm%*U and mcm5s2U. The difference in 
the coding properties of mnm%*U and mcm?s*U may 
also be explained by the difference in bond length 
C(2)--?@), because S(2) may be used by hydrogen 
bonding with G in the wobble position. 
As described before, the very short C(4)-O(4) and 
C(2)-S lengths and rather longer C(2)-N(3) and 
N(3)-C(4) lengths in mnm5s2U (acetonide, HCI j 
compared with those in all other derivatives except 
mcm5szU, indicate a greater shift of the keto-enoi 
tautomerism to the keto form. l&form is essential 
for hydrogen bonding of the base with A in the 
normal Watson-Crick base pair as well as with G in 
the wobble position. Pn free mnm5s2U, on the other 
hand, there is a shift to the enol foml, as evidenced 
by elongation of the C(4)-O(4) and C(2)--S bond; 
and shortening of the C(2)-N(3) bond. 
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